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0 A process for producing fertilizer granules. 



0 A process for producing fertilizer granules containing urea and ammonium sulphate by granulation in a 
fiuidized bed of particles is described. Ammonium sulphate particles are introduced into a fiuidized bed and urea 
is applied to -the particles in the fiuidized bed by spraying an aqueous urea-containing liquid with a urea 
concentration of 70-99.9% by weight. Preferably, the aqueous urea solution contains' a granulation additive 
and/or ammonium sulphate 
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A process for producing fertilizer granules. 

; : Thts^ inven^OT reJates to a process for producing fertilizer granules containing urea and ammonium 
sulphate by grsmulj&on in a f!uidi|^b^ of particlek7;.\ ■,!:"■', k&Qj-t 

■^M^^%^ e ^^^J^ produrtoffibf good, nitrogen and sulphur containing fertilizers is at present of very 
* X^^m^rta^^M^mBr yeiaSSammbroum r&tptK&' (21 % N; 24% S) was the most important Nitrogen 
cdin^nmg^fertiK^|a^ {he phc^ph^jf^lize^ geijeraJiy used was superphosphate (20% PaO^I^^S). 




mntQ^6^^^M^^TB3s^ if ho separate ^Iphur dressings Were!" given/ because sulphur wasremoVetf - 
from the field with every harvest of the crop, while in addition sulphur was lost from the soil frorri leaching^ S 




fljtlis^ of elemental sulphur In this form, however, 

.^ipHi%lid>9Vi^W w up' by the crop^xtremeiy slowly ^ The elemental sulphur must first be converted into 
suTphatelin the soil, and this conversion proceeds very 7 slowly, especially in cofd ahd/ori arid regions,^ ^ 




ca^Mnq^^m^jum sulphate with urea in vario u s /ratios ;; it is possible to produce fertilizers with nitrogen 
andfsuip^ crops; Thus/ for example, by <rembining the 

to^^m^^i^^ sulphate weight ratio of about 4/1, a fertilizer can be obtained which 

25 cdn^^d^§^w^N-and about 5*£ : Smartens very; suitable for mi^y fertilizing purposes. • ^pSS^' V' 
^Jndl^g^Qhe^ Process Desu Dev. 1 4 (1 975) 269-276 describes the production, on a pilot-plant scale, 
of tinea and ^mbniuim sulphate containing fertilizer granules by pan granulation and by prilling mixtures of 
a -highly ^ranc^htrated urea solution (about 99%> ancf ammonium sulphate. The ammonium sulphate is 
added, in the solid form to the substantially anhydrous urea melt but is only partially soluble therein, so that 
30 the/urea and ammonium sulphate containing melt must be granulated or prilled at a high temperature (1 35- 
150*0} to limit the proportion of undissolved ammonium sulphate in the melt as much as possible! At lower 
temperatures the melt contains so much undissolved material that it cannot be properfy processed into 
granules. Higher temperatures cannot be used in connection with decomposition of the urea and the 
formatiph of /the harmful byproduct biuret By reason of the limited solubility of ammonium sulphate in the 
35 urea melt, the methods described are unsuitable for implementation on an industrial scale. 

In ah aqueous urea solution, ammonium sulphate is considerably better soluble than in a substantially 
anhydrous urea melt Aqueous urea solutions can be processed into granules in 'the manner described in 
Netherlands patent 173,714, in which an aqueous urea solution, to which a granulation additive, i. e., a 
crystallization retarder for the urea, has been added, is sprayed in the form of very fine with an average 
40 diameter of (ess than t20am into a fluidized bed of urea granules at a temperature at which the water 
evaporates from the solution sprayed onto the nuclei, and urea crystallizes on the nuclei to form granules 
having the desired sizes. ^ 

The aqueous urea sofution which is granulated in the method described in Netherlands patent 173,714 
preferably has a urea concentration of 92-97% by weight specifically 94-96% by r weight and is sprayed 
45 into the fluidized bed at a temperature of 110-125°C. Ammonium sulphate is considerably better soluble in 
such solutions than in a substantially anhydrous urea melt it is true, but not in a proportion that is 
interesting for making bulk blends, among other purposes. 

US patent 4,500,336 teaches that fertilizer granules can be made by suspending ammonium sulphate 
particles in an aqueous urea solution, and subsequently granulating this solution. In that process, generally, 
so urea and ammonium sulphate-containing granules are obtained with an ammonium sulphate content of from 
15 to 30% by weight ... 

However, the process described in the US patent last mentioned has some disadvantages. In the first 
place, the starting product is a suspension of solid particles in a liquid. Although such a suspension can be 
effectively granulated, in particular when the process described in the patent is applied, the presence of 
solid particles has the disadvantage that equipment may be more liable to erosion, or that more expensive. 
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wear-resistant materials are required. 

\ Compared, with the granulation of pure urea, it has further been observed that the ratio of on-size to off* 
si2e f product is sornewhat^^^ and so is the emission of dust. An improvement , of these 

aspects is therefore very atoctive from an economic point of view. _4 
:4 European patent, application -86201807.4. filed October* 16. 1986, which is not a prior . pubjlcatibnr . 
describes, a process which compnses dissolving ammonium sulphate in a relatively dilute urea solution, * 
conceiitrating this sblutiorCwith "a' granulation additive, i.e., a crystallization retarded being jpresent in; the" 
syi^m^faid' finaOyTgranulatihg : ther resulting'"-: liquid in a fluidized bed. With his process; the^esimd 




10/; 

4| itis % object of the present. invention to provide a process which; on the one hand, gives _ .„ . 
a^^|^er and above%e prior-published state of the art. and on the other hand is not .Hmite^,^s ? n 
r^vS^^mbnium sulphate content > :> y r :*''^00tJ&' - ' \ 

^fhe^nvention is accordingly characterized by introducing ammonium sulphate particles into a juicfiz^ 
!rs bedpatft^^stoplying urea to said; 
; with a urea concentrations* 

The aqueous, urea-containing 
u#pS^4^.58i;; 

During the granulation in the fluidized bed, the granules being j^S^^ 
20 solution being sprayed, and dried, leaving a ur^ coat ^ 





uitiniafe^Vesuits in al porous granule having the desired size, which ^fbcbuw r 
prpl^r^Qri a? its porosity is higher- As the porosity of the granule increases wifo Jncre^ 

25 the> s^^ the product granules will be mechanically weaker according as the sprayed solution 

contains more water, in the fluidized bed. the granules being built frequently collide with other granules. ; ; 

^f,- during the granulation of urea in a fluidized bed, the urj^|solutiort to 
granulation additive, the granules being built in the bed alway^con^ m 
(eutec&um) which keeps the granule surface in plastic condition; :<5wing to this., p 

30 surface is much less prone to be damaged during collisions with other granules . than is the case in the 
absence of the granulation additive so that much less dust is formed. During the countless collisions with 
other granules, the plastic granule surface is kneaded, so to say. so; that granules with a good roundness 
and a smooth surface are obtained When the granules are removed from the bed and ultimately cooled, the 
liquid phase crystallizes in the pores. The granules are then much iess porous and consequently stronger 

35 than granules obtained in the same way but in the absence of a granulation additive. 

the granules are less susceptible to surface wear and have a clearly diminished caking tendency, due 
to the roundness. 

The urea solution is preferably sprayed in the form of very fine dropfets with an average diameter of 20- 
I20um. Owing to their small size, the droplets can only cover a portion of the surface of the granules being 
40 built with a layer of liquid. 

The sprayed droplets preferably have an average diameter of 30-60u>nru 

The aqueous urea-containing liquid used as the starting product in the method according to this 
invention may contain up to 30% by weight of water, i.e.. the water content of the product of the urea 
synthesis. 

45 The urea and ammonium sulphate-containing granules in the fluidized bed have sized of between 0.2 
and 8 mm and. within this range, may be larger according as larger granules are to be produced. 

The temperature of the fluidized bed generally ranges between 80° and 110°C. The temperature of the 
fluidized bed can be controlled by a suitable selection of the temperatures of the air of ffuidization and of 
the urea solution being sprayed, 
so Thai product granutes are preferably cooled to a temperature of 30°C or lower. The product granules 
can be cooled in any suitable cooler, for example, a fluidized-bed cooler. 

In the method according to the invention, the formation of biuret during the granulation can be 
prevented virtually entirely by spraying a urea solution whose crystallization point is below 100°C. Thus by 
spraying a urea solution with a urea content of. for example, 75-85% by weight and a biuret content of less 
55 than 1.0%, urea and ammonium sulphate granules with a biuret content of less than 1.0% can be obtained. 
Such granules are particularly desirable for specific crops, such as tobacco and tomatoes. 

Th urea-containing aqueous solution to be granulated can be a urea solution, or a urea melt. The 
difference between these is mainly determined by the water content. In the case of water contents of up to 
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about 2.5% by weight th^^m "melt" is often used. When larger proportions of water are present, the 
liquid is generally called a solution. The limit in question is. by itself, rather an. arbitrary oh . In any case, in 
prindpfa; "any, urea ^ and water containing solution can be used with the method according to the invention. 
"'TO^fequid to be'granuiated may contain other components in addition to urea and water. : > ; 
Prior :ti> the granulation, in a given stage of the preHreatment. a granulation additive may be added to 
the soiut'on. U.. before.: during, or after the addition of>e ammonium sulphate or before, during, or after 
thickeSi^ to the desired final concentration. Suitable granulation additives are water-soluble addition and 
*co^en%%ri' ""products-' of ■ urea; and formaldehyde (US; patent 4,219,589) and water-soluble Inorganic 
aluminl^'satts- (US patent 4,500,336). l^t-Wi* - ^ 

These substances are generally used in proportions ranging from 0.1 to 2.5. preferably 1,5% by weignt. 

it aiso possible to incorporate ammonium sulphate in the urea-containing liquid. This may be 
dissd^Pin'me urea solution or melt but may also b^present as a solid. In these cases one does of 
course; obtain a high sulphur content in the granule, but me other advantages are only present to a lesser 

is extentlfela; ■= ' - .• .- .• . C&Sv^ . 

. |§ff^ ^T^^^ss according ta.the mvention can to used 

■ on a v Simmer^ seated a continuous process is of course * - 

in the practice of the invention, the method in principle comes down to supplying separately prepared 
ammonium sulphate particles or nuclei with ato^:jp„toari the desired ultimate granule diameter to 
20 the nuidiz^d bed instead of the off-size product normah^^^ is to say, broken oversized granules. 
The sievejd-off fines are of course returned. \i V ^d£\u - - i- 

The oversize granules wilt preferably be processed inj^ther of the foHowing ways. 
The first possibility is for these granules to be' ; tTOker^^^n. mannfr^d' returned as fresh nuclei. 
The second possibility is for the oversize. grnaules to be fe-dissolved and re-granulated, 
25 The iDarticle size of the ammonium sulphate nuclei preferably ranges from t to 4 mm. These diameters 
give an optimum ratio between desired sulphur content and size, of nuclei:,. 

The nuclei can be obtained in various ways; for example b^ compaction, extrusion, agglomeration, fluid- 
bed granulation, crystallization, prilling, and the like. As ammonium sulphate is a rather frequently occurring 
byproduct of all sorts of chemical processes, it is generally not necessary to build a separate plant for it If 
30 this is the case, however, it can be made in a manner comparable to the production of ammonium nitrate, 
namelv, by reacting NH 3 and H2SO4. 

The invention also relates to fertilizer granules comprising a core of ammonium sulphate with a 
surrounding shell containing urea and possibly ammonium sulphate, with the ammonium sulphate content of 
the granules ranging from 15- to 50% by weight In case the shell contains ammonium sulphate in addition 
35 to urea, the urea content in the shell is at least 70% by weight 

The granules according to the invention can be used as such for fertilizing purposes, but they are in 
particular very suitable for making compatible, homogeneous fertilizer mixtures (bulk blends) with one or 
more other kinds of fertilizer granules of the same size. Suitable other kinds of fertilizer granules are 
phosphate fertilizers, such as monoammoniuro phosphate, diammonium phosphate, superphosphate, triple 
40 superphosphate, and the like. It is also possible to incorporate a potassium fertilizer, such as KCI. in the 
blend.* To prevent segregation, the granule sizes of the components to be blended should 'be attuned , to 
each other. These bulk blends preferably contain 30 to 50% by weight of the urea and ammonium sulphate 
containing granules according to the invention. Generally speaking, the., aim will be for an S content of 
approximately 5% by weight in the mixture. 
45 The process according to the invention can be carried out in any type of ftuidized-bed granulator. One 
example of a suitable plant is shown diagrammatically in the accompanying drawing, in which the granulator 
1 is divided into a number of compartments 2, 3, 4 T 5 for granulation and a. compartment 6 for the 
subsequent drying of the urea granules. The last compartment is optional, as subsequent drying will only be 
used if the granules still contain superficial moisture. Provided in granulator 1 is a grid 7 which supports the 
50 fluidized bed and permits the passage of air of fluidization, preheated in one or more heaters not shown, 
and supplied through conduit 8. The space below the grid can be divided into compartments, similarly to 
the space above it. in which case the air of fluidization is applied to each of these compartments. Granulator 
1 is further provided at the bottom with pneumatic sprayers 9. 10. 11. 12 extending to above gnd 7. It is 
also possible to use two or more sprayers for each compartment. Through these sprayers, a solution 
55 containing urea and possibly ammonium sulphate., and to which a granulation additive may have been 
added which solution rs supplied through conduit 13, is sprayed into the granulation compartments 2. 3. 4, 
5 with the spraying air supplied through conduit 14. The fluidized bed is formed by nuctei supplied through 
a conveyor 15. such as a conveyor screw, together with ammonium sulphate nuclei, which through conduit 
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33 may also be supplied to conveyor 15. For the subsequent drying of the granules in compartment 6. 
; granulator 1 is provided with a supply conduit for dryihg-atr. ^^ . 

f:.U$0 for discharge of air and possibly entrained du^ particles, granulator t is provided with exhaust 
conduits' 17. t8, which are in communicaSpn with ac0SrW 19^ in which particles of a size of 'about 100- 
s , 500am are separated, which are passed via conduits 20 to. conveyor screw 15. Via exhaust 21, the air from 
f . cyclone 19 is passed to a device 22 in which it is waShed with a dilute urea: sofuton^To achieve a high 
g&Jgsjhfag efficiency, water can be sprayed into the air through V sprayer 23. The air stripped of dust can 
-m .>. S8p9?P through exhaust 24; and the dilute urea solution formed Is discharged through '^d^25^S^ - 
: y ^Granulator 1 is further provided with a bottom ; o^et^^S armies/ which terminated over a 
W&}&m^ ^ wh^ce^ the granules are transpM are 
; : separated into a number of fractions, namely, a fractfffif^^ 

; : ■ sizes and a fraction of oversize granules. The fraction having the desired sizes* is pass^ iK^^^ier^ 
;. 29 to storage/lf desired, the cooler may be dispx3s4<|up^^ devfce^the faction of " 

, oversize granules separated in screening device 28 iCihtSn*^^ cooling transported to a 

75 ~ crusher 30. in which the*>e crushed to the same sizes M or ^ smaJi^iles than, those ; ^e«Sgrsile ^ 
screemng fraction. In another embodiment the fraction of oversize granules 1 is passed to a dissolving i 
section not shown, in which the fraction is processed into a soiutioi^iteriing urea ; ind ammonium - 
sulphate; which can be re-granulated. Through criffi^^ frV 
screening device 28 is passed to conduit 31. in which »t;fe p^^lo'iSoriwyor screw 15, optionally together 
with the fraction obtained from crusher 30. ' V. ^"r^" * 

v The process axordirig to the invention can be -ranied put Jboth continuously and batchwise. Through 
conduit 13,. a urea containing solution is supplied, and^ feiy^rneans of the' ^r supplied through conduit 14 
sprayed, through sprayers 9, 10. 11. 12. into the fluldizeC^lrf nucler in compartments 2. 3. 4. 5 of 
granulator 1. The quantity of granules removed from thfjiufa^ compartment 6, into which 

25 no solution is sprayed, and discharge conduit 26 is replaced bynuclef supplied through conveyor screw 15. 
The size of the product granules depends on a numberof factors, such as the number of nuclei in the 
fluidfeed bed. the size of these nuclei, the amount of liquid sprayed per unit of tome, and the residence time 
of the nuclei in the bed. Thus, for example. larger product granules will be obtained, if the number of nuclei 
in the ftuidized bed is reduced and the residence ;tirno^r^sld; to maintain a given granule size 
30 distribution of the product, it is necessary for the bed contents to be kept as constant as possible as ' 
regards both the granule size distribution and the number of nuclei. This can be achieved by ensuring that 
the quantity by weight of the nuclei to be added to the ffuidized bed. with the correct granule size 
distribution, is always attuned to the quantity by weight of the product granules discharged from the bed- 
Owing to the sub-division of the fluicfized bed into compartments, a fractionation of the granules being 
35 built can be achieved. 

The invention is illustrated in and by the following examples. 
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Example I 

Process in which the separately prepared ammonium sulphate particles serving as nuclei were 
produced by compaction. 

Ammonium sulphate crystals < 2 mm were pressed between two rollers at a pressure of 1.4 tbnne/cm 
to form flakes haying a thickness of 2.0 mm. These flakes were broken and screened. The fraction of 1.6- 
4.0 mm was introduced into the fluid-bed granulator as core material or nuclei. The ammonium sulphate 
nuclei were sprayed in the fluid-bed granulator with a 97% urea solution containing 1% of UF 80 (reaction 
product of urea and formaldehyde) as a granulation additive. The granulation temperature was 108-1 TO °C. 
The ratio by weight of ammonium sulphate nuclei/urea was 40/6G. 



Example 2 

55 The same test as Example 1. but in which 1% Af 2 <SO*) 3 was used as the granulation additive. 
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Example 3 

Process in which v the individually produced ammonium sulphate particles serving as nuclei were 
produced by extrusion. 4 

. Ammonium^ sulphate powder^ (spiay-dned)i moistened with 5% water was introduced between . two. 
rollers. One rolterw^ intemalj^^ perforate wail (perforation , diaJ 2^mrn). The 

ammonium sulph^ was passefftivc^^ the interior of the roller. In the interior of the 

roller, the ammonium, sulphate :rodS; werevremoved< by means of a scraper. The extruded ammonium : u 
sulphate nuclei, were" .sprayed; in the fluid-bed grariuiaior with a 97% urea solution, containing 1% UF 80 as a%i 
granulation additive^ The granulation, tem^rattu*e ;was 108-1 10°C. The weight ratio of ammonium' sulphate^ 



rs Example 4 . ^ . 

The same test ais Example 3».birt in which the weight ratio of ammonium sulphate nuclei to, urea was 
50/50. ' . ,'• ■ f 

2o Details of process parameters and product quality are specified in the following table. 
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Claim 

.-f-.i/is A process for producing fertilizer granules containing urea and ammonium sulphate by granulation in 
>T a fluldized bed of particles; characterized by introducing ammonium sulphate particles into a flfiidized bed 
s and [ applying urea to said pa^des'tn the ftuidized bed by spraying an aqueous ur a-cbntaining liquid with a 
_ urea cphcentratibri of 7Ch99^S%, by weight r ; vV"'- 

' : . P!^^^^^^^^^-F^ m 1 * characterized by making fertilizer granules with an ammonium 

suiiph^ ' - J 's V * 

'l^K '' |4 '.3-VA Process as claimed in claim i or 2, characterized by using an aqueous urea solution containing a 
ra;; granulation additive. r Ai"7_Y ■■• V ■ : - '•*:*-,. 




by dis^lyirig ammonium sulphate in a urea solution, and subsequently evaporating said solution 




. - v having a partcle sizej^girig 

• 8. A process as corned in any of claims 1-7< characterized in that the temperature in the fluidized bed 
20 ranges from 90° tot 115° (X 

9. Fertilizer granules produced -by the process as claimed in any of claims T-8. 

10. Fertilizer granules consisting of a core of ammortfum sulphate and a shell surrounding said core and 
containing urea, the ^monium sulphate contentpf tfie granules ranging from 15 to 50% by weight - 

ft.' Blend of fertilizer granules com prising at least one kind of granules selected from monoammonium 
25 phosphate, diammonium phosphate, superphosphate, triple superphosphate and KCt, together with granules 
as claimed in claim 9 or 10. 
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